yielded crude porcine proinsulin and its intermediate form.
A single band component with corresponding electrophoretic mobility of porcine proinsulin was obtained by linear gradient chromatography of this crude material on DEAE-cellulose column, and was converted to insulin by trypsin digestion. All of DEAE-cellulose chromatographic fractions having more basic components than insulin could be converted to insulin by the trypsin treatment.
Amino acids analysis of this single band component appeared to be the same amino acids composition of known porcine proinsulin.
Since recent discovery of bovine proinsulin (Steiner and Oyer, 1967) , structural and biosynthetic studies of the protein have been performed Steiner, 1967; Yip and Lin, 1967) and it is now well established that proinsulin is the earliest labeled protein structurally related to insulin that could be detected after incubation with labeled amino acids Steiner, 1967; Yip and Lin, 1967; Boder et al., 1969; Tanese et al., 1970) . Structural elucidations of porcine proinsulin , bovine proinsulin (Clark et al., 1969; Steiner et al., 1971; Nolan et al., 1971; Salokangas et al., 1971 ) and human proinsulin (Clark et al., 1969; Oyer et al., 1971; Arthur et al., 1971) were verified.
Although detailed isolation method of bovine proinsulin was reported , a small quantity of available proinsulin, complicated isolation methods and lower content of proinsulin in insulin preparations led to meeting with difficulties in its immunological and biological studies. An isolation method of porcine proinsulin (PPI) with modified Steiner's procedures from crystalline porcine insulin (PI) was described in this report. 
Results
Repeated preparative chromatographies of PI on Bio-Gel column are shown in Figure 1 . It may be seen that significant proteins were eluated ahead of insulin peak in 3 M acetic acid even at the first chromatography. Although elution diagrams resembled those of the first chromatographic one after repeated fractionations, these heavier materials were gradually increased in quantity as chromatographies were progressed. When less fractions of gel chromatographic separations were pooled for further purifications, required times of gel chromatographies on Bio-Gel column were reduced and also the final recovery of PPI was decreased. This is the reason why all fractions containing faint bands at corresponding position of PPI on acrylamide gel electrophoreses were pooled for further purifications and several times of rechromatographies on Bio-Gel column were needed to obtain crude PPI. Quantities of the components with the same electrophoretic mobility to insulin were much greater than those of more basic components at the first and second gel chromatographies (Fig. 2) . Chromatographic separations of PPI from Pl on Bio-Gel column appeared to be poor according to acrylamide gel electrophoretograms of them. Increased basic components and decreased insulin contents may be seen on acrylamide gel electrophoretogram after repeated Bio-Gel chromatographies (Fig. 3) . More basic components than insulin were distributed to all of the fractions after the Vth rechromatography on Bio-Gel column, and less insulin contents were noted at fraction number of 31 to 45 (Fig. 2) . Thus the fractions of 8 to 35 of the Vth chromatographic fractions were pooled, lyophilized, and dissolved with buffer solution of 0.02M Tris-HCl pH7.4 in 7M urea at the protein concentration of 15-20mg per ml. This crude PPi was subjected to a linear gradient chromatography on DEAE-cellulose column (1.8 A) was collected, a linear NaCl gradient was started, and several protein peaks of B, C, D, E, F, G, H and I were obtained (Fig. 3) . Each of these protein peaks were pooled and acidififed with gracial acetic acid, and subjected to acrylamide gel electrophoresis after desalting by the Sephadex G-25 column. Their electrophoretic mobilities were compared with those of standard PPI (Dr Chance's preparation) and of PI (PJ 5589) (Fig. 4) . Peak A was related to neither PP nor PI as already reported . Peak B was found to be composed of a single component and its electrophoreti mobility was identical with that of standard PPI. Peak C corresponded to PPI with only a trace of slightly less basic component on electrophoretogram. Insulin contamination was first seen at peak D and increased gradually at peak F, G and H in this order (Fig. 4) . Electrophoretic mobilities or the above peak B, C, D and E were compared with standard PPI and PI before and after trypsin treatment (Fig. 5) . Almost (all of) both peak B and C were completely converted to insulin by trypsin digestion. Although the results of trypsin digestion of peak F, G, H and I are not shown in Figure 5 , most of the protein components of peak B, C, D, E, F, G and H were converted to the component with the same electrophoretic mobility of insulin and a small amount of component with electrophoretic mobility between PI and PPI (probably porcine proinsulin intermediate form) was noted at 5 min of the treatment. Only insulin like components were visible at 30 min of trypsin digestion on acrylamide gel electrophoretogram.
The result of amino acid analysis of peak B was compared with that in other reports (Table 1) . Major components of it were well consistent with the reported amino acids components of PPI except minor differences in lysine, arginine and tyrosine residues .
Discussion
It is now well established that proinsulin is the biosynthetic precursor of insulin. Molecular weight of PPI was calculated as 9082 . One of the important functions of proinsulin is to facilitate the correct pairing of cysteinyl residues necessary for the formation of the three disulfide bonds of insulin, and the regeneration of the native structure proceeds with efficiency of 70 to 80% (Steiner and Clark, 1968) . PPI itself cannot affect the glucose metabolism of adipose tissue and hemidiaphragm of the normal rat but can exert the biologic effects because it is converted by an enzyme present in adipose tissue and diaphragm muscle to a molecule which is similar to or identical with insulin (Shaw and Chance, 1968) . Biological and physiological significance of proinsulin is not as yet completely understood.
Acrylamide disc electrophoresis was commonly employed to analyse these fractions after chromatographic separation of proinsulin with Bio-Gel column by many workers (Melani et al., 1970; Rubenstein et al., 1970; Kitabuchi et al., 1971 ). But electrophoretic mobilities were different in each tube even when the same components were run by this method. And this led us to give uncertain results sometimes. Modified acrylamide gel electrophoresis showed good resolution, because the same component migrates the same position (Ritchie et al., 1966) . It is easier to identify proinsulin, intermediated form and insulin by the latter method. DEAE-cellulose chromatography for the isolation of proinsulin after preparative Sephadex gel filtration and CM-cellulose chromatography was employed by others . Instead of the gradient chromatography on CM-cellulose, repeated chromatographies on Bio-Gel column were employed for easy performance and higher recovery. Crude PPI was obtained by repeated chromatographies on Bio-Gel column.
Steiner's bovine proinsulin preparation (peak C) appeared to be not a single band and contaminated with a slightly more acidic component according to their results . Our preparations of peak B showed a single band on acrylamide gel electrophoretogram and its electrophoretic mobility was identical with Dr. Chance's preparation (615-1082B-46-2) (Fig. 4) . According to the Steiner's results , major components of peak D, E, F and G of DEAE-cellulose chromatographic fractions appeared to be convertible forms of intermediate. Because they were slightly more acidic components than proinsulin on acrylamide gel electrophoresis and were converted to insulin-like components by tryptic digestion.
Antisera were prepared in guinea pigs immunized with peak B or C. Identical dose response curves were obtained by double antibody method after absorption with crystalline insulin when other preparations of PPI (Dr. Chance's preparation Lot 615-1083B-180-C, and Dr. Schlichtkrull's preparation Lot 1, 6, 70) were compared (Horino and Kobayashi, 1972) .
